A b s t r a c t Pollen is very important for honey bee colony development and nutrition. It is also a valuable product for human consumption, considered to have high nutritional value. In this study, we performed melissopalynological analysis of 285 pollen load samples collected from 44 apiaries throughout Greece. The analysis revealed 229 plant taxa represented in total. The abundance of each pollen type varied among the geographical areas from which the samples were collected. We also observed variation among samples collected from the same geographical region. The most frequently found families were Fabaceae, Asteraceae and Rosaceae. The most frequently observed taxa were Brassicaceae, Carduus type, Cistus and Papaver rhoeas. Statistical analysis showed that the geographical classification of pollen samples among northern, central and southern Greece is possible.
INTRODUCTION
Honey bees depend on nectar and pollen to sustain themselves. Pollen provides lipids, carbohydrates, vitamins, and minerals to the colonies; and it serves as the honey bees' only protein source . Pollen is necessary for brood and young worker development, thus, colony survival and growth depend on the quantity and the nutritional quality of the pollen resources provided by the foragers. The shortage of pollen can have significant effects, both on the strength and resilience of the colony and on honey production (McLellan, 1974) . Nutritional quality, as well as quantity, is important. Pollen containing less than 20% crude protein cannot satisfy the colony requirements for its development and optimum honey production (Herbert, 1992) . Pollen collected from different plant species has different nutrient value and may differ significantly in amino acid composition and/or concentration (Day et al., 1990; . Thus, knowledge of the composition and diversity of the pollen sources within an area is very important to the local beekeeping industry. Pollen is also considered to be a product of high nutritional value for human consumption. During recent years, its demand has been continually increasing in the world market (Villanueva et al., 2002) . Because the composition of commercial pollen varies greatly depending on the botanical and geographical origin (Linskens and Jorde, 1997) , the proper labeling of the product for human use necessitates an understanding of these parameters. Greece is located in the center of the eastern Mediterranean, at the junction of Africa, Asia, and Europe, creating a habitat with a rich and diversified flora (Phitos et al., 1995) . The rich flora and territorial diversity, along with the abundant sunshine, create a unique environment for the development of apiculture. Beekeeping plays a very important economic role; about 20,000 families in Greece maintain over 1.5 million honey bee colonies (Papa-Pollen foraging by bees in Greece panagiotou, 2010). Although several studies have addressed nectar sources and honey types produced in Greece (Thrasyvoulou and Manikis, 1995; Tsigouri et al., 2004; Dimou et al., 2006b; Karabournioti et al., 2006; Karabournioti et al., 2009) , there are few studies about the pollen flora in Greece to date (Dimou and Thrasyvoulou, 2007a,b) . The aims of this study are: to identify the floral composition of bee pollen in main apicultural areas in Greece and to collect and provide botanical and geographical information relevant to the potential marketing of bee pollen as a commercial product.
MATERIAL AND METHODS
Pollen samples were collected from pollen traps fitted in the entrance of honey bee (Apis mellifera L.) hives during 2009 -2012. The traps remained closed for at least three days per week and the pollen was collected weekly, as suggested by Dimou et al. (2006a) . Pollen was obtained during spring and early summer (April to June), which is the main pollen season in Greece (Dimou et al., 2006a; Dimou and Thrasyvoulou, 2007a) . The pollen load samples were collected from 44 apiaries corresponding to 16 prefectures of main apicultural interest in Greece. The sites varied in surrounding flora, elevation, temperature, and rainfall. The great majority of the apiaries were located in areas near both natural habitat and agricultural landscape with crops such as wheat, maize, cotton, and olive trees. All of the beekeepers who participated in this work were members of the "Hellenic Association of Royal Jelly and Other Bee Products Producers." In total, 285 pollen samples were processed: 111 samples were collected from northern Greece (Thessaloniki, Pieria, Chaklidiki, and Kilkis), 96 from central Greece (Arta, Viotia, Larisa, Phthiotis, Magnesia, Attiki, Achaea, Kefallinia, and the Cyclades islands of Tinos and Paros), and 78 from southern Greece (Chania, Lasithi, and Heraklio) (Fig. 1) . At least 300 pollen loads from each sample were sorted by color, and at least two slides of each color class were prepared without acetolysis, using similar methodology as described by Louveaux et al. (1978) . Each examined pollen load was placed on a slide with a drop of a glucose solution and stained with alcoholic fuchsine. The slide was then dried by slight warming (not above 40°C) and mounted with Entelan™ (Entelan Microscopy, Karlsruhe, Germany). At least 500 pollen grains on each slide were counted under the microscope. If at least 95% of the counted pollen grains on a slide were identified to be the same type, it was considered that this pollen load was from a single floral source. To determine the botanical classification of the taxa from which the pollen was derived, both color and grain morphology of the pollen load were considered (Hodges, 1974; Dimou and Thrasyvoulou, 2007b) . Pollen loads with the same pollen type and color were segregated and weighed to quantitate the contribution of each individual pollen source. The following classes were defined to describe the frequency with which a botanical source is represented within a given pollen load: "class I", rare, found in <3%; "class II", very few, found in 3 -15%; "class III", few, found in 16 -45%; and "class IV", frequent, found in >45%. When a pollen load was derived from more than one botanical source, the grouping within the above classes was assigned to be proportional to the counted percentage of the pollen grains on the slides. However, such cases were very rare, and they concerned only taxa found in <3% in the sample. For the microscopic identification of the pollen types, the collection of reference slides from the Laboratory of Apiculture of the Aristotle University of Thessaloniki and pollen atlases were used (D'Albore, 1998; Moshidis et al., 2013) . The Diversity Index of Shannon and Weaver (1949) was used to indicate the pollen type diversity and species richness: n H′ = -∑ p i . ln p i , i where H′ is the Shannon-Weaver Diversity Index, and p i is the proportion of each pollen type i encountered in the sample. The differences observed among the number of pollen types and the Shannon-Weaver Diversity Index pertaining to samples from southern, central, and northern Greece were statistically evaluated by ANOVA. Canonical discriminant analysis (CDA) was performed on the frequency of each taxon in the samples (independent variables), in order to classify the pollen from the three different areas of 1: southern Greece, 2: central Greece, and 3: northern Greece (grouping variable). The analyses were carried out using SPSS 17.0 software for Windows (SPSS, Chicago, IL, USA).
RESULTS
The melissopalynological analysis of the samples revealed 64 families and 229 pollen types represented in total. The most frequently found families were Fabaceae, Asteraceae, and Rosaceae. Brassicaceae, 
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Carduus type, Cistus, and Papaver rhoeas were found in more than half of the samples (Tab. 1). The abundance of each pollen type varied among the geographical areas and among the individual samples within a given area. The majority of the samples contained pollen from several floral sources, and about 1/3 of the samples were mainly derived from a single botanical source (class IV). The number of pollen types found in each sample varied from 4 to 22, and the average and standard deviation of all samples were 12.5 ± 4.0 types. The Shannon-Weaver Diversity Index values ranged from 0.2 to 3.2 in the samples from southern Greece, from 0.3 to 2.4 in the samples from central Greece, Table 1 .
Pollen type frequency classes ("Class I," rare, found in <3%; "Class II," very few, found in 3-15%; "Class III,"few, found in 16-45%; "Class IV," frequent, found in >45%) and number of samples (n) Table 1 . Contined
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In particular, samples from southern Greece showed statistically significantly more pollen types and higher Shannon-Weaver Diversity Index values than those from northern and central Greece.
In total, 141 pollen types were identified in the samples collected in northern Greece. Brassicaceae, Carduus type, Sonchus type, Rubus, Papaver rhoeas, and Papaver type were found in a great number of samples from this area (Tab. 1). Pollen loads from Actinidia chinensis, Artemisia, Brassicaceae, Cistus, Convolvulus, Centaurea scabiosa, Daucus type, Helianthus annus, Hypericum, Olea europaea, Parthenocissus, Pastinaca, Prunus type, Reseda type, Rubus, Sonchus type, Verbascum, and Verbascum type were observed as class IV components (greater than 45%) in samples from this locale (Tab. 1). These samples exhibited wide pollen diversity; only Brassicaceae pollen was represented in several samples (14). Brassicaceae, Carduus type, Cistus, Papaver rhoeas, and Trifolium were found in several samples from central Greece (Tab. 1). In total, 132 taxa were identified. In 64 out of 96 samples from this area, the botanical origin of the pollen loads was mainly from a single source (class IV); and the majority of these comprised pollen from Brassicaceae and Cistus. In southern Greece, 108 pollen types were identified. Brassicaceae, Cistus, Olea europaea, and Papaver rhoeas were detected in over 60% of the samples. Asteraceae (Carduus type, Cirsium type, Centaurea scabiosa, and Taraxacum officinale) were also identified in several cases (Tab. 1). In about 35% of the samples from southern Greece the collected pollen was defined as class IV, mainly from Cistus plants.
Statistical analysis (CDA) showed complete separation among the three geographical areas sampled (Fig. 2) . According to the classifications results, 100% of the original grouped cases and 75% of the cross-validated grouped cases were classified correctly. The statistical analysis revealed two functions. The first discriminates the pollen from northern Greece from the other two sources, especially from southern Greece; and the second discriminates the pollen from central Greece from the samples from other geographical origins, particularly from the pollen from southern Greece. Table 1 . Contined
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DISCUSSION
Pollen provides the sole protein source for the honey bee colonies, and it is necessary for brood and young worker bee development. Therefore, colony survival and growth depends on both the quantity and the nutritional quality of the pollen provided by the foragers in the colony. The composition of pollen harvested by honey bees can vary greatly depending on the time of year, the botanical origin, and the geographic region from which the pollen is obtained (Linskens and Jorde, 1997) . The determination of the botanical and geographical origin is fundamental in understanding pollen quality. Both parameters influence its nutrient value. They affect not only the development and survival of the honey bee colony, but also the value of the pollen as a commercialized product marketed for human consumption. Consequently, the local flora directly and indirectly affects beekeepers' profits by affecting the productivity of the honey bee colony as well as the price of the product in the marketplace. Many authors have studied the botanical origin of pollen collected from honey bees in diverse geographical areas. Freitas et al. (2013) collected samples of pollen loads from honey bee colonies within 19 municipalities in Brazil and analyzed their sediment. They found 4 to 25 pollen types per macro region. The study conducted by Novais et al. (2010) on trapped pollen from Apis mellifera colonies in the Caatinga region of Brazil revealed 85 pollen types in samples collected within a two year period. Andrada and Telleria (2005) analyzed honey bee pollen loads in the Calden district of Argentina and recorded 29 pollen sources over two apicultural periods. Forcone et al. (2011; collected bee pollen from the Andean region of Chubut and the region northwest of Santa Cruz (Argentinean Patagonia) and found 46 and 42 pollen types, respectively, during one apicultural season, with over 16 taxa represented per sample in some cases. Kajobe (2007) studied pollen foraging by Apis mellifera in Bwindi Impenetrable National Park (Uganda) for one year and found 71 pollen sources in total, and a Shannon-Weaver Diversity Index value of 1.5. Wróblewska et al. (2010) , in an 8-year-study of beebread in four Lublin regions in Poland, found 40, 57, 58 and 73 pollen types, respectively, in the samples collected. Dimou and Thrasyvoulou (2007a) found over 140 pollen taxa in Thessaloniki, Greece, in a two year study. Bilisik et al. (2008) recorded 41 pollen types in the Bursa region of Turkey across one apicultural period and found on average about 8 taxa per sample. During the same period, Avni et al. (2009) reported that the number of honey bee pollen sources in four distinct sites in Israel ranged from 5 to 20 taxa per sample. However, because of the different methodologies followed in these studies (i.e., variation in time and duration of sampling, method of pollen analysis, presentation of data) it is hard to compare them to one another. In this study, the average number of pollen types detected per sample as well as the high Shannon-Weaver Diversity Index value indicates a great variety of pollen sources in the collected samples. This result is consistent with the species richness characteristic of the vegetation in Greece (Phitos et al., 1995) . Pollen from different plant species has different nutrient content. Therefore, having variety and diversity of pollen types is desirable since it results in higher nutritional value within the final product. In this study, most collected samples showed the presence of Brassicaceae, Carduus type, and Papaver rhoeas pollen, which has been previously shown to have high protein content (>20%), a characteristic that not only satisfies colony requirements for development and optimum production (Herbert, 1992; Szczęsna, 2006; Liolios et al., 2010) but can also result in a rise in the crude total protein content of the commercial product. Finally, despite the extended bibliography on pollen foraging behavior, there is no data about possible discrimination among different geographical areas by honey bees. The results of this study enable such research by showing that the determination of the geographical origin of the honey bee-collected pollen is possible, even over areas that are relatively close to each other. Samples from northern, central, and southern Greece were clearly distinguished from each other. This observation may also support establishment of a Protected Geographical Indication or Protected Designation of Origin of the commercial product.
CONCLUSIONS
Understanding the composition and diversity of the local pollen flora is very important to the beekeeping industry of the region, both in terms of colony health and in the value of bee pollen as a commercial product. In recent years, labeling of the botanical and geographical origin of products is an increasing requirement for all foods marketed for human consumption, which is directly connected to quality control and to the consumer's perception of the product and thus its commercial value.
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In this study we show that (i) Greek pollen is characterized by a great variety of pollen sources; and (ii) determination of the geographical origin of bee pollen is possible even across small-scale areas.
